Objective: The primary aim of this study was to determine the inter-and intrarater reliability of ultrasound (US) measurements of the ischiofemoral space (IFS) following a brief training session. A secondary aim was to determine if reliability correlated with sonographer experience. Design: Prospective cohort study. Setting: Physical medicine and rehabilitation department within a tertiary care institution. Participants: Seven male and 3 female individuals were recruited to serve as models. Nine physician sonographers (3 postgraduate year [PGY]-2 residents, 3 PGY-4 residents, 3 physicians) were recruited to serve as sonographers. Methods or Interventions: Sonographers received a 15-minute educational session on identifying the IFS with US, followed by 20 minutes of practice. Models were then placed in a prone position and secured to prevent hip movement. All operators measured bilateral IFSs in each model twice with a washout period between measurements. Operators were blinded to all measurements. Main Outcome Measures: Primary outcomes were inter-and intrarater reliability interclass coefficients (ICCs) of IFS measurements among the groups with different levels of US experience. Secondary outcomes included comparisons of inter-and intrarater reliability ICCs of IFS measurements between groups, and the difference of mean IFS measurements between groups. Results: Intrarater reliability ICCs were 0.829, 0.680, and 0.596 for physician, PGY-4, and PGY-2 groups, respectively. Interrater reliability ICCs were 0.722, 0.427, and 0.558 for physician, PGY-4, and PGY-2 groups, respectively. No statistically significant differences in reliability were identified between groups. Mean IFS measurements were 31.2, 33.4, and 34.0 mm for physician, PGY-4, and PGY-2 groups, respectively. Physician measurements were significantly smaller than the PGY-4 and PGY-2 measurements (P < .049 and P < .01). Conclusions: Following a brief training session, experienced sonographers demonstrated excellent IFS measurement intrarater reliability, whereas PGY-4 and PGY-2 sonographers demonstrated fair intrarater reliability. All sonographers demonstrated fair interrater reliability.
Introduction
The 2 primary forms of hip impingement are femoroacetabular impingement and ischiofemoral impingement (IFI). [1] [2] [3] Although femoroacetabular impingement is more well known and has been described in depth in the literature, there was limited research regarding IFI until recently. IFI occurs when the quadratus femoris muscle is compressed between the medial border of the lesser trochanter and the lateral border of the ischial tuberosity. This may result in buttock, groin, or medial thigh pain, and, rarely, snapping. [1, 2, 15, 21, 25] Bothersome activities include weight bearing or femoral adduction, extension, and external rotation. [1, 18] IFI is associated with coxa valga, coxa profunda, pelvic osteochondromas, intertrochanteric fractures involving the lesser trochanter, cephalomedial migration of the femoral head due to hip osteoarthritis, total hip arthroplasties with reduced femoral offset, or a medialized socket; injury to the leg abductors producing uncompensated hip adduction during gait, valgus producing proximal femoral osteotomy, increased width of the female pelvis, Legg-Calvé Perthes disease, or hamstring enthesopathy. [1, 6, 8, 10, [12] [13] [14] [15] 18, 22] Treatment may include activity modification, nonsteroidal anti-inflammatory drugs, gabapentin, physical therapy, computed tomography (CT)-guided or ultrasound (US)-guided steroid injections, US-guided prolotherapy, activity modification, or open or endoscopic surgery. [1, 4, [9] [10] [11] [12] [13] 18, 20, 21] The ischiofemoral space (IFS), as measured between the medial cortex of the lesser trochanter and the lateral cortex of the ischial tuberosity, has been evaluated with radiographs, CT, and magnetic resonance imaging (MRI). [5, 14, 15, 19, [22] [23] [24] These studies have typically compared the IFS of individuals with suspected IFI to asymptomatic controls. Normative values have ranged from 21.6 to 23 mm in asymptomatic individuals compared with 11.9 to 13 mm in individuals with suspected IFI. [9, 21, 22] However, recent studies have called into question the reliability of IFS measurements taken without controlling hip position. [3, 7, 17, 26] The findings of these studies suggest that hip external rotation, adduction, extension, or a combination of external rotation and adduction results in narrowing of the IFS. Hip internal rotation, abduction, flexion or a combination of internal rotation and abduction results in widening of the IFS.
Although the initial studies establishing normative data for IFS dimensions used MRI, the study by Finnoff et al assessed the IFS dimensions using US. [7, 8] US measurements of the IFS have been shown to be similar to those obtained with MRI, when imaged in the same position. [8] US offers many benefits relative to other imaging modalities, including point-of-care accessibility, decreased cost to patient and physician, lack of ionizing radiation, and absence of contraindications. [16, 27, 28] To our knowledge, no studies have addressed the inter-or intrarater reliability for measurements of the IFS dimensions obtained with US. Thus, the primary aim of this study was to evaluate the inter-and intrarater reliability of US measurements of the IFS performed by physicians with different levels of US experience following a brief training session. Our secondary aims were to determine whether operator experience affected the inter-or intrarater reliability of these measurements and whether there was a difference in the mean IFS measurements between operators of differing experience. We hypothesized that the inter-and intrarater reliability of IFS measurements following a brief training period would be adequate for clinical utility regardless of US experience, that operators with less experience would have lower inter-and intrarater reliability than those with more experience, and that the mean differences of IFS measurements between groups would be small regardless of level of experience.
Methods
Permission was obtained from the Institutional Review Board of our Institution to perform this study. Funding was obtained from the Physical Medicine and Rehabilitation (PM&R) Research Committee.
Nine participants with different levels of US experience (3 postgraduate year [PGY]-2 PM&R residents, 3 PGY-4 PM&R residents, and 3 physicians [2 PM&R, 1 musculoskeletal radiologist]) were recruited by word of mouth to serve as sonographers for the investigation (subsequently referred to as "operators"). Operators performed the diagnostic US examinations. Operator exclusion criteria included any condition that limited their ability to use or operate an US machine. The 3 PGY-2 residents had each completed an US course as part of their residency didactics (3 months, twice per month, 2 hours per didactic session) and had intermittently been exposed to diagnostic US examinations for 8 months during clinical rotations. The 3 PGY-4 residents had completed the residency US didactic course 3 times, been intermittently exposed to diagnostic US examinations for 32 months during clinical rotations, and performed an average of 250 US-guided injections (range 120-350). The 2 PM&R physicians had completed Sports Medicine fellowships and had 9 and 10 years of diagnostic and interventional US experience, respectively. The musculoskeletal radiologist had completed a Musculoskeletal Radiology fellowship and had 6 years of US experience.
Ten individuals were recruited by word of mouth to voluntarily serve as models for the study (subsequently referred to as "models"). Inclusion criteria included being a man or woman between 18 and 65 years of age. Model exclusion criteria included hip or knee mobility restriction preventing study positioning; individuals with current or prior history of buttock, hip, or groin pain requiring activity modification or medical treatment; history of hip or pelvic fractures; body mass index (BMI) greater than 30, and history of hip or pelvis surgery [8] . The aims of the study were discussed with the potential models prior to enrollment in the study.
Those who met inclusion and exclusion criteria and wished to participate in the study were asked to provide oral consent to participate in the study. Upon enrollment, all models were assigned a model number and operators were assigned an operator number for data collection purposes. Age, gender, weight (kg), and height (m) of the models was recorded. Their BMI was calculated and recorded (Table 1) . Models were provided with $50 remuneration to participate in the study.
Prior to data collection, a physician with experience in US of the IFS provided a 15-minute educational session for the operators, describing the anatomy of the IFS and demonstrated how to image and measure the IFS with US (see US Scanning Protocol). Operators were then allowed to practice identifying and measuring the IFS for 20 minutes on an individual who was not a study model.
The models were randomly assigned to an examination room. A single US machine was assigned to each room. The models were positioned prone with their hips in a neutral abduction-adduction and internal-external rotation position. Bolsters, pillows, and towels were used to ensure the models were comfortable. The models were secured into position on the examination tables using bariatric gait belts ( Figure 1 ).
Each model had both their left and right IFS imaged with US, and their narrowest IFS was measured by each operator (10 models; 20 IFSs). The following orders were randomized to guard against order bias: (1) order each model was scanned by the operators, (2) order each model's IFS was scanned (right-left), and (3) order the operators scanned the models. All of the US machines had an opaque card placed over their screens where measurements appeared on the screen to blind operators to measurements ( Figure 2 ). After all of the operators had scanned and recorded a single set of bilateral IFS measurements on each model, they repeated the process, following a new randomization order, to acquire a second set of bilateral IFS measurements on each model (total of 40 IFS measurements for each operator). The images were reviewed by one of the researchers (B.J.B.) who was blinded to the identities of the operators and models. The measurement data were transcribed onto a spreadsheet for statistical analysis.
US Scanning Protocol
US examinations were performed using one of the following US machines: Figure 1 . Models were secured into position on the examination tables using bariatric gait belts. Bolsters, pillows, and towels were used to ensure the models were comfortable. The models were positioned as previously described. The skin of their lower gluteal region was exposed and the remainder of the region was covered to maintain model privacy. The US transducer was placed in an anatomic axial plane over the subject's lower gluteal region, and translated cephalad and caudad to identify the medial cortex of the lesser trochanter and the lateral cortex of the ischial tuberosity. Transducer manipulation, including rotation and "heel-toe" maneuvers, were used to identify the narrowest IFS dimensions. The US machine's electronic caliper function was then used to measure the IFS (Figure 2 ).
Statistics
Descriptive statistics (mean and SD [SD] ) for the IFS measurements were calculated. Intra-and interrater reliability coefficients for the IFS measurements were estimated, with intraclass correlation coefficients (ICCs) described by Shrout and Fleiss [29] . Specifically, model 3 of the ICC was used to estimate intrarater reliability coefficients and model 2 to estimate interrater reliability coefficients. ICCs were compared across the operator groups by assessing overlaps of the 95% confidence intervals (CIs) around the point estimates of the ICCs. Shapiro-Wilk tests were used to examine whether data obtained from each operator were normally distributed. The data did not depart from the assumption of normality (P > .05); therefore, parametric assumptions were met. The minimal detectable change (MDC) and the SE of measurement (SEM) were calculated using the following equations: SEM = SD × (1 -ICC) 1/2 and MDC at a 95% level is MDC = 1.96
1/2 Last, repeated measures analysis of variance were used at α = 0.05 with post hoc Bonferroni analyses to examine differences in the IFS distance as measured by the physician, PGY-4, and PGY-2 operators. SPSS 22.0 software (IBM Corp., Armonk, NY) was used to conduct the data analyses.
Results
Model demographic information is provided in Table 1 . The male-to-female ratio of models was 7:3. The mean age and BMI of the models were 28.6 and 23.7, respectively. The following criteria were used to grade reliability: excellent >0.75, fair 0.4 to 0.75, and poor <0.4 [29, 30] . The intrarater reliability ICCs with 95% CIs of each operator and the mean intrarater reliability ICCs with 95% CIs of each experience level are presented in Table 2 . The intrarater reliability ICCs of 4 operators were excellent (3 physicians, zero PGY-4 residents, and 1 PGY-2 residents), 5 were fair (zero physicians, 3 PGY-4 residents, and 2 PGY-2 residents), and zero were poor (zero physicians, zero PGY-4 residents, and zero PGY-2 residents). The mean intrarater reliability ICCs (95% CIs) of physicians, PGY-4 residents, and PGY-2 residents were 0.83 (95% CI 0.70-0.93) (excellent), 0.68 (95% CI 0.34-0.86) (fair), and 0.60 (95% CI 0.24-0.81) (fair), respectively. No significant difference in intrarater reliability was found between the operator experience levels, but mean intrarater reliability was higher for groups with more experience. Moreover, the lowest intrarater reliability coefficient (0.455) was found in a PGY-2 operator, whereas the highest intrarater reliability coefficient (0.886) was found in a physician operator.
The interrater reliability ICCs and 95% CIs of each experience level is presented in Table 3 . The interrater reliability (95% CIs) of the physician group was highest with an ICC of 0.72 (95% CI 0.4-0.88) (fair), lowest in the PGY-4 group with an ICC of 0.43 (95% CI 0.15-0.69) (fair), and in the PGY-2 group it was 0.59 (95% CI 0.30-0.77) (fair). No significant difference in interrater reliability was found between groups. However, similar to the trends found in intrarater reliability, although not statistically significant, the most experienced operators (physicians) had a higher interrater reliability than those with less experience. Interestingly, the PGY-2 operators had higher levels of interrater reliability than the PGY-4 operators.
IFS measurements are presented in Table 4 . As illustrated in Figure 3 , the average IFS distance measured by physicians (mean = 31.2 AE 5.6 mm) was lower than that measured by PGY-4 (mean = 33.4 AE 5.0 mm) and PGY-2 (mean = 34.0 AE 5.9 mm) operators. More specifically, measurements from the physician operators, on average, were 2.9 mm smaller than those of the PGY-2 operators (P = .001) and 2.3 mm smaller than those of the PGY-4 operators (P = .049). There was no statistically significant difference between the PGY-4 and PGY-2 operators (P = .99).
The SEM was calculated for each operator (intrarater) as well as each group (interrater). Intrarater reliability SEMs ranged from 0.22 to 0.47 cm, with the physician operators on average having lowest intrarater reliability SEMs (0.24 cm) and PGY-2 operators having on average the highest intrarater reliability SEMs (0.41 cm) ( Table 2) . For interrater reliability, the SEM was 0.31 cm in the physician group, 0.46 cm in the PGY-4 group, and 0.45 cm in the PGY-2 group (Table 3) . The MDC was calculated for each operator (intrarater) as well as each group (interrater). The intrarater reliability MDC ranged from 0.60 to 1.29 cm ( Table 2 ). The physician group demonstrated the lowest average intrarater reliability MDC (0.66 cm), whereas the PGY-2 group demonstrated the highest average intrarater reliability MDC (1.14 cm). The interrater reliability MDC was 0.85 cm in the physician group, 1.28 cm in the PGY-4 group, and 1.24 cm in the PGY-2 group (Table 3) .
Discussion
To our knowledge, this is the first study to assess the intra-and interrater reliability of IFS measurements performed with US by operators of differing levels of experience following a brief training period. Additionally, to our knowledge, this is the first study to determine if US IFS measurement reliability following a brief training period varied according to operator experience. Our results suggest that a brief training session is able to produce fair to excellent intrarater and fair interrater reliability of US IFS measurements, with more experienced sonographers trending toward higher reliability than those with less experience. However, there were no statistically significant differences in reliability between groups of differing experience.
Although varying guidelines have been used to grade reliability, it has been suggested that for a test to be sufficiently reliable for clinical use, it should have an ICC of at least 0.75 to 0.80 [31] . Our study implies that experienced physician sonographers meet this standard for intrarater reliability and are on the border of meeting this standard for interrater reliability following a brief training period. It should be noted that none of the physicians or physicians in training in this study had performed a diagnostic US of the IFS at any time prior to this study, nor had any performed a complete diagnostic US of the posterior hip in the year preceding the study. Therefore, none of the study participants were experienced performing diagnostic US of this region. Although one could contend that this study suggests experienced physician sonographers obtain adequate reliability to perform US IFS measurements in the clinical setting, it would be interesting to investigate whether additional training increases their reliability or whether prior experience regularly performing diagnostic US evaluations of the posterior hip would improve reliability. Future studies are required to investigate these questions.
Prior studies have reported that the mean IFS dimension in asymptomatic individual is 21.61 to 23 mm, whereas the mean IFS dimensions of individuals with IFI is 12.88 to 13 mm [21, 22] . The mean IFS dimensions in our study was 32.87 mm (range 17.7-51.1 mm). The mean difference in IFS dimension measurements in our study was 2.8, with the largest difference occurring between the physician and PGY-2 groups (31.2 and 34.0 mm, respectively). Because the reported difference in IFS dimensions between those with and without IFI is nearly 10 mm, and because the variability in IFS measurements found in our study was 2.8 mm, the variability in IFS measurements between sonographers is probably small enough that it does not make a clinically significant difference, and those with a narrow IFS will be able to be differentiated from those with a wide IFS by sonographers of varying experience. However, further study is required to answer this question. Traditionally, the IFS has been measured with MRI. However recent studies by Finnoff et al demonstrate that the IFS measurements with US are similar to those obtained with MRI [8] . The mean IFS dimensions in our study (31.2 AE 5.6 mm to 34.0 AE 5.9 mm) were wider than normative data previously reported in the literature (21.6-23 mm) [9, 21, 22] . It should be noted that previous "normal" IFS values were obtained without adequately controlling or reporting the femoral position. Finnoff et al found wide variation in IFS measurements with changes in the femoral position [7, 26] . The IFS was narrowest in external rotation and adduction (30.8 mm, 95% CI 25.5-36.0 mm), and the widest dimensions were found in internal rotation and abduction (51.8 mm, 95% CI 49.2-54.5 mm). Our subjects were secured with their femurs in a neutral position. While lying supine in an MRI scanner, if femoral position is not controlled, it is natural for patients to allow their femurs to externally rotate, thus decreasing the size of their IFS when compared to a neutral position. Johnson et al confirmed this with IFS dimensions in the supine position (25.1 mm, SD 5.6) compared to a prone position (28.3 mm, SD 5.9) in an MRI comparative study [26] . Thus, the differences in IFS measurements in our study compared with prior studies may be related to subject positioning. However, because most prior studies reporting normative IFS measurements either did not control or did not report femoral position, it is difficult to compare our IFS measurements to normative data obtained in prior studies.
For intrarater reliability, the SEM can be interpreted as expecting a patient's true IFS to be within the SEM from any measurement taken by that operator. The intrarater reliability MDC can be interpreted as the minimal change needed in an IFS to truly detect a change rather than measurement error. For interrater reliability, the SEM can be interpreted as the magnitude of error in IFS measurements between 2 individuals in the same group. The MDC is interpreted as the difference needed to detect a change between 2 different operators measuring at 2 separate times. In our study, the intra-and interrater reliability SEMs were smallest in the more experienced examiners (ie, physician group), and greatest in the least experienced examiners (ie, PGY-2 group), whereas the MDCs were smallest in the physician group and largest in the PGY-2 group. These findings support our conclusion that more experienced examiners are more reliable than less experienced examiners.
Our study does have some limitations that should be noted. A power analysis was performed prior to the study. Twenty hips among 3 testers in each group provided 80% power to detect inter-and intrarater reliability coefficients of 0.90 against a minimally acceptable reliability coefficient of 0.70. We powered the study with the assumption that ICC values would exceed 0.90. None of the ICC values in our study were of that magnitude. Therefore, we were underpowered to detect differences in reliability of measurements between operators or between operator groups at lower magnitudes of the ICC. Underpowered studies increase data variance and, in our study, that was manifested by wide confidence intervals surrounding our point estimates of the ICCs. Increasing the sample size of models in the study would likely have tightened the confidence intervals.
Additionally, although our models were secured in place, it is possible that they moved during the study, which could change the dimensions of the IFS. As Finnoff et al described in a prior paper, small changes in femoral position can result in large differences in IFS measurements [7] . Although our operator training of IFS imaging was standardized, it was brief. It is unclear what the optimal training protocol and duration is for imaging the IFS. Additionally, although the operators were instructed on how to identify the IFS, the exact location where the electronic calipers were placed on the bony contours was not described, demonstrated, or practiced to ensure standardization in measurement methods. Therefore, some of the variability in interrater reliability may have been due to differences in measurement caliper placement. The models in our study were relatively homogenous, with 2 BMIs >25 and one <20. Only 3 of our subjects were female, and all were healthy between the ages of 26 and 34 years. It is difficult to generalize this data to the general population or to individuals with hip pain.
Five different US machines were used in this study. This may have led to IFS measurement variability due to unfamiliarity of the operator with the US machine and less image optimization. In addition, although the US machines undergo routine, scheduled maintenance, and have been calibrated to the manufacturers' specifications, it is possible that there is some intrinsic measurement variability between machines. Thus, future studies may wish to use a single US machine. Unfortunately, using a single machine for this type of study may result in some logistical challenges that would limit the feasibility of completing the study. Furthermore, using multiple US machine models from various manufacturers that are commonly used in clinical practice improves the generalizability of the current study. However, future studies should also be conducted to establish the limits of agreement of measurements between different US machine manufacturers and models.
Although this study included 3 separate groups of varying experience levels, there was no control group who did not undergo the training session. Therefore, we cannot be certain that the training session alone contributed to the levels of inter-and intrarater reliability obtained in this study. Future studies could assess this with a control group who did not complete a formal training session.
Finally, although US has many previously described advantages over other imaging modalities, US has some inherent limitations relative to other imaging modalities when evaluating individuals with potential IFI. First, US may not be able to adequately image deep structures due to soundwave absorption, refraction, and reflection. Therefore, US may not be able to image the IFS in individuals with a large BMI. US likely is less sensitive and specific than MRI for detecting intramuscular edema because both muscle and fluid appear hypoechoic on US. Thus, US may be less sensitive and specific for one of the key findings in individuals with IFI. Furthermore, US is unable to measure femoral or acetabular version, which also effects IFS dimensions. Finally, US cannot penetrate bone. Therefore, it would be difficult to detect an intraosseous process with US in patients with buttock or groin pain.
Conclusions
In conclusion, our findings suggest that experienced physician sonographers are able to obtain fair to excellent intra-and fair interrater reliability of US IFS measurements following a brief training session. Although no statistically significant differences in reliability were demonstrated between groups with different diagnostic US experience levels, those with more experience appeared to be more reliable than those with less experience suggesting the possibility that experience may affect reliability. Finally, the differences in IFS measurements between sonographers in this study were small when compared to the reported difference in IFS dimensions between those with and without IFI, suggesting US may have adequate reliability to be used clinically to measure the IFS.
